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Relati-on of Hybridity to the Expression
of Gene Dwarf-1 in M·aize Coleoptile Growth
MARTIN

C.

GOFFINET*

ABSTRACT - The plants used in this study were two inbred strains of maize and their hybrid.
Each strain segregated for the mendelian gene dwarf-1, approximating a ratio of three normal
to one dwarf, with l 00 per cent penetrance. The length of each of fifty coleoptiles per strain was
determined at planting and after emergence of the seedlings until maturity of that organ. The
dwarf seedlings were compared with their normal sibs within each strain to determine the degree
of expression of the mutant gene. The growth parameters determined from the measurements
were: l) total elongation of coleoptile after planting, 2) duration of the growth period, and 3)
average arithmetic rate of elongation. The degree of expression of the mutants within each inbred strain was pronounced: a) the amount of elongation to maturity was consistently less than in
the normal sibs; b) the duration of the growth period equaled or exceeded that of the normal
sibs; and, c) the average arithmetic growth rate also was consistently less. The degree of expression of the mutants in the cross between the two inbred strains was found to be more exaggerated
in respect to the above growth parameters; the decrease in mature coleoptile length from the
normal sib is relatively greater than that found for the inbred lines, the duration of growth period
relatively increased, and the average arithmetic rate of elongation relatively more depressed.

Researchers on maize have shown that a relationship
often exists between hybridity and increased vigor of
plant growth. Among these have been Ashby (1930);
East (1936); Copeland (1940);AbbeandWang (1943);
and Whaley, Heimsch, and Rabideau (1950). It is also
well known that simple mendelian genes, such as dwarf-I,
in the homozygous recessive state have a pronounced effect on phenotype (Fig. 1). The interaction between
hybridity and such mendelian genes for stature deserves
careful study. This study undertakes investigation of the
coleoptile in two inbred strains of maize and the hybrid
between them, all of which segregate for the mendelian
gene dwarf-I. A study of the development of the seedling permits precise determination of the parameters of
growth.
Inbred and hybrid lines studied

The maize kernels used in the study were from the
University of Minnesota inbred lines A25, A188, and
their hybrid, A25 x A188. Appropriate crosses were
made during the summer of 1970, so that material segregating for dwarf-I was available in each of the three
strains. Each strain carrying the dwarf-I gene had been
previously backcrossed to the inbred a minimum of ten
generations, which provided for a very uniform genetic
background. Such lines, when crossed, often show a very
marked vigor in the F-1 generation.
Fifty kernels of each strain were soaked in tap water
overnight in the environmental control chamber at the
temperature of seedling growth. The kernels were then
planted around the periphery of ten-inch plastic pots, one
cm below the soil level with the embryo upright.
The heat-treated soil was composed of a mixture of 3
parts sand, 4 parts of clay-loam field soil, and 2 parts
manure of mixed composition, and 9 parts of this potting
,:, MARTIN C. GOFFINET received his B.S. in Botany at
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soil were mixed with 1 part vermiculite. Pure vermiculite
to a depth of 7 cm was first placed in the bottoms of the
pots to assure drainage, then 15 cm of the soil mixture
was placed above it. The pots were well watered with tap
water and left to drain 24 hours at the growing temperature before the kernels were planted. Each pot of growing seedlings was watered daily with 250 cc of tap water
which also was stored at the growing temperature.
A Percival Model MB-60 constant temperature chamber was used to provide reasonably uniform temperatures
and lighting for the experiment. The combination of 50watt Sylvania incandescent bulbs with General Electric
1500-watt fluorescent tubes produced from 1450 to 1625
foot-candles, averaging 1500 ft.-c. at the height of the
pot rims. Fluctuations in temperature and humidity were
monitored with a recording hygrothermograph.
Each strain grew under somewhat varying conditions.
The average temperature for A25, A188, and A25 x
A188 was 22.3°C + 0.14 (standard error), 24.1 °C +
0.11, and 24.2°C + 0.15, respectively; and the average
relative humidity was 62 per cent+ 5.45, 40 per cent+
2.11, and 36 per cent + 0.60, respectively.
The growing seedlings were measured every 12 hours
from time of emergence, which was 3 to 3 ½ days after
planting, to maturity of the coleoptile. An Eberbach 5100
cathetometer was used, and measurements were taken
through the glass door of the growth chamber to minimize
disturbances. The only disturbances made during seedling growth were for purposes of watering, changing hygrothermograph papers, and rotating pots to reduce any
lighting defects.
Definitions & Calculations of Growth Parameters

1 ) Increase in length of coleoptile from planting to
maturity - This requires information concerning the
length of coleoptile at the time of planting. The length
was obtained by soaking 10 kernels of each strain in tap
water overnight at seedling growth temperature, then
measuring and averaging the lengths of embryonic coleThe Minnesota Academy of Science

TABLE

STRAIN

PHENOTYPE

A25

NORMAL
DWARF
NORMAL
DWARF
NORMAL
DWARF

A188
A25 xA188
1

Sample Size

2

I.

Length of coleoptile in mm.

COLUMN I
AVERAGE MAXIMUM
LENGTH
22.2 ±
14.5 ±
26.5 ±
18.0 ±
22.4 ±
14.2 ±

0.168 3
0.580
0.249
0.418
0.275
0.311

COLUMN II
AVERAGE LENGTH OF
COLEOPTILE IN EMBRYO'

nl

34
12
39
11
33
16

Column I minus Column II

optiles after dissection. For each strain the same average
value was used for both normal and dwarf phenotypes
because it was not possible to distinguish between their
embryos at this stage.
This definition also requires a value for maximum
length. This is the actual maximum measured length
which precedes the shrinkage and deformation of the
coleoptile associated with aging. It is clear that increase
in length of coleoptile is: - maximum length minus length
at planting (Table I).
2) Duration of growth period - the time interval, in
hours, from the hour of planting to the hour at which
maximum length ( as defined) is achieved.
3) Arithmetic growth rate - the increase in length
of coleoptile divided by the duration of the growth period
(Table II). For simplicity, rate is given as microns per
hour.

3

n1

2.4 ± 0.14!3

10

1.9 ± 0.046

10

2.2 ± 0.056

10

Standard error

COLUMN III
AVERAGE INCREMENT
AT MATURITY2
19.8
12.1
24.6
16.1
20.2
12.0

• cf. text; Normal and Dwarf cannot be
distingnished in the embryo.

their hybrid, A25 x A188. The lengths for the populations of the inbreds and their hybrid were then averaged.
Table II, column III, gives the degree of expression of
the dwarf-1 gene in average length. It can be seen that the
percentage expression of the mutant in relation to its normal sib in any of the three strains is less than 100. It is
evident that the coleoptiles of the dwarf seedlings in the
segregating hybrid are shorter in relation to their normal

Analysis of the Growth Parameters

1) Degree of expression of the gene - This is conveniently expressed as a percentage. It is defined for this study
as the quantitative value attained by the mutant of each
strain divided by the corresponding value of its normal
sib, times 100, or D/N x 100.
2) Hybridity quotient (H.Q.) - For ease of comparison this is also expressed as a percent. Percent H.Q. is
defined as [(AB/ AA+ BB)x 100]. AB is any of the quan-
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titative parameters under consideration for either the normal or the dwarf phenotype of the hybrid strain, and AA
and BB are any of the same parameters considered for
normal or dwarf of the inbred parental lines. The percent
H.Q. will be greater or less than 100 depending on
whether the quantitative characteristic of the hybrid is
more or less, respectively, than the mean of the inbreds.
A per cent H.Q. above 100 shows an increase of vigor associated with hybridity. The per cent H.Q. as defined here
is a modification of the extramedial hybridity quotient, as
used by Abbe and Wang (1943), which was expressed
not as a percentage but as a number greater or less than
one.
Besides comparison of the three growth parameters,
the experimental design also permits an analysis of the
effect of hybridity on the expression of the gene dwarf-1.
Average length of coleoptile

Table I summarizes the observations used to determine
the average length of coleoptile in mm from time of
planting to maturity, in the inbreds A25 and A188, and
Journal of, Volume Thirty-seven, Nos. 2 and 3, 1971

· FIGURE 1. A phenotypically normal maize seedling and its
mutant sib homozygous recessive for the gene dwarf-I.
The genetic background for each is A25 x A188.
FIGURES 2-4. Histograms illustrating response of the coleoptile to the gene dwarf-1 interacting with the hybrid
between A25 x A188, for each of three growth parameters.
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sibs than are the mutant coleoptiles of A25 and A188 in
relation to their normal sibs. This is apparent in Fig. 2b,
where the expression for A25 X A188 is 59.4 per cent
compared with 61.1 per cent for A25 and 65.4% for
A188.
A direct comparison of the results of hybridity can be
made using the values found for both inbred lines, then
comparing these to the values found for their hybrid cross.
The per cent H.Q. allows such a comparison.
The hybridity quotients (H.Q.), in per cents, calculated for the average lengt~ of coleoptile at maturity,
are given in Table II, columns I and II, for both normal
and dwarf phenotypes. One cannot see a positive increase
in mature length of the coleoptile of the hybrid over the
mean of the inbred lines, for the per cent H.Q. is less than
100 for both phenotypes. The per cent H.Q. was calculated to be 91.0 for the normal phenotype and 85 .1 for
the mutant. That both the normal and the mutant of the
hybrid strain fail to attain the parental means for these
phenotypes can be seen in Figures 2a and 2c. The dotted
lines of Figure 2a are considered there only as rough
mean lines between the parental inbred strains, for both
:p.ormal and dwarf phenotype. Figure 2c gives the actual
per cent H.Q. of the two phenotypes, with 100 per cent
representing the parental mean.
The influence of hybridity on absolute size of coleop.tile in both the normal and dwarf phenotypes is found to
be negative, or - heterosis in the ordinary sense is absent.
However, the degree of expression of the mutant gene is
exaggerated against the hybrid background as compared
with its expression against the inbred background.
0

Average duration of growth period

The_'same basic comparison was made for the average
duration of the growth period in hours from time of
planting to maturity of coleoptile. Table II again shows
the relevant data. Figure 3a shows the relationship of the
dwarf phenotype to its normal sib in each of the inbred
strains and their hybrid. Figure 3b shows the relative percents of expression of dwarf to normal sibs for these lines
due to the presence of the dwarf-1 gene.
As can be seen by inspection of Figure 3a, the dwarf-1
gene seems to express itself by showing an increase in
duration of growth period in the mutants over that of
their normal sibs, except in A25, where coleoptiles of
the mutant are only slightly earlier in maturing than in
its normal sib. For another maize strain Hansen (1957)
found the opposite to be the case. The longer time needed
for attaining maturity of the dwarf siblings in both A188
and A25 x A188 is shown in Figure 3b, where it can
also be seen that the A25 mutant nearly reaches the 100
per cent expression line. The duration of the growth period of the normal sibs of each strain is arbitrarily taken
as 100 per cent. Thus, the expression of the dwarf-1
gene in the s·egregating hybrid is much more positively
pronounced than in either of its inbred parents, there
being an expression of 114.4 per cent in the hybrid as
compared with 99.8% in A25 and 108.9% in A188.
The percent hybridity quotients for both normal and
dwarf phenotypes, concerning this growth parameter, are
given in Table II, columns IV and V, respectively. The
88

TABLE II. Expression of dwarf-1 for Coleoptile
Ave. Length at maturity in mm1
I

STRAIN

NORMALn3

A25 ........... .
A188 .......... .
A25 xA188 .... .
HYBRIDITY
QUOTIENT"

19.8
24.6
20.2
91.0%

34
39
33

II

DWARFn3
12.1
16.1
12.0

12
11

16

A25 ............
A188 ...........
A25 xA188 .....
HYBRIDITY
QUOTIENT ...

194.7
132.6
135.7
83.0%

61.1
65.4
59.4

85.1 %

Ave. Growth Period in Hours
V
IV
NORMAL
DWARF

STRAIN

III

% EXP.•

194.4
144.4
155.3

VI

% EXP.

99.8
108.9
114.4

91.7%

Ave. Rate of Elongation in Microns per Hour"
VII

STRAIN
A25 ............
A188 ...........
A25 xA188 .....
HYBRIDITY
QUOTIENT ...

VIII

NORMAL

DWARF

101.7
185.5
148.8

62.2
111.5
77.3

103.6%

IX

% EXP.

61.2
60.1
51.9

89.1 %

1

See Table I
(Col. III, Table I) X 1,000 -i- duration of growth period in hours
• Sample size
• % expression= (dwarf/ normal) x 100
'Hybridity quotient, in percent, = A25 X A188/

2

A25 ~ A188)

X

lOO

percent H.Q. for the normal phenotype is 83.0, and that
for the mutant 91. 7. Again it can be assumed that there
is no positive response to hybridity in either phenotype.
This is shown by inspection of the dotted lines in Figure
3a, and Figure 3c shows this directly, as the 100 percent
line is the mean between the parental inbred lines for
both normal and dwarf. The gene dwarf-1 seems to have
an effect only on the degree to which hybridity is expressed below this mean. Those seedlings of the hybrid
which are homozygous recessive for the dwarf-1 gene
more nearly approach the mean of the inbred parents
than do their phenotypically normal sibs. Also, as noted
before, there is a marked increase in the expression of
the dwarf in relation to its normal sib in the hybrid compared with this expression in either inbred line (Fig. 3b).
Average arithmetic rate of elongation

The expression of the dwarf-1 gene in the average rate
of elongation of the coleoptile, in microns per hour, for
both dwarf and normal sibs in each strain, is given directly in Table II, column IX, and graphically in Figure
4a. In each strain the mutant grows more slowly than
its normal sib (cf. Hansen, 1957). Figure 4b shows that
the dwarf with the hybrid background is much slowergrowing in relation to its normal sib than are the dwarf
seedlings of the inbred lines in relation to their normal
sibs; the expression of the hybrid being 51.9 percent
compared with expressions of 61.2 percent for A25 and
60.1 percent for A 188. Thus, there is an exagger3:ted
The Minnesota Academy of Science

response to the mutant gene against the hybrid background.
The percent hybridity quotients given in Table II, columns VII and VIII, for dwarf and normal seedlings,
respectively, for rate of elongation, are shown graphically
in Figure 4c. The percent H.Q. for the· dwarf phenotype is 89 .1; thus, the coleoptiles of the dwarf seedlings
do not exceed the mean of the segregating inbred parents. One can then assume tha:t hybridity does not affect
any increased rate of elongation in this organ for the
mutant. This failure to achieve a positive response to
hybridity is shown by inspection of the dotted lines in
Figures 4a and 4c.
Also shown in Figures 4a and 4c is the fact that the
:percent H.Q. of the phenotypically normal plants, for
rate of elongation, is slightly greater than 100 (103. 6).
One can assume that, in this respect, there is a slight
degree of heterosis for this particular quantitative characteristic. Hybridity thus seems to allow an increased rate
-of elongation in the normal phenotype in the hybrid, and
coleoptiles in these normal seedlings can be assumed to
show an increased vigor under the conditions put forth
earlier.
In summary, the evidence for heterosis in the hybrid
is absent except to a slight extent for the normal phenotype for average rate of elongation. Yet, there is marked
exaggeration of expression of the gene dwarf-1 in the
hybrid: for each of the growth parameters under consid•eration, the degree to which the hybrid mutant differs
from its normal sib is more pronounced than the degree
to which the mutants of the inbred parents differ from
their normal sibs.
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FIGURE 2a. The average maximum size of coleoptile for
both normal and dwarf phenotype. FIGURE 2b. The expression, in percent, of the gene dwarf-1 within each segregating strain. FIGURE 2c. The hybridity quotient, in percent, for both phenotypes. FIGURE 3a. The average
duration of the growth period from time of planting to
maturity of coleoptile. FIGURE 3b. The expression, in percent, of the gene dwarf-1 within the three strains. FIGURE
3c. The % H.Q. for the two phenotypes. FIGURE 4a. The
average arithmetic growth rate for the two inbreds and
the hybrid. FIGURE 4b. The expression of the dwarf-1 gene
within each strain. FIGURE 4c. The % H.Q. for normal
and dwarf phenotypes. N- · normal phenotype; D- dwarf
phenotype. The dotted lines of FIGURES 2a, 3a, and 4a,
indicate the mean between the parental inbred lines for
both normal and dwarf phenotypes. This mean is again
represented as 100% by the dotted line of FIGURES 2c, 3c,
and 4c. The dotted line in Figures 2b, 3b, and 4b, represents the expression of normal sibs in each strain as
100%.
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